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ABSTRACT. Prospects for recovery and use of biogas from solid domestic waste landfills in Dnipropetrovsk region 
have been considered. Scientific sources have been analyzed. The world practices to use biogas from solid domestic waste 
landfills have been estimated. Gas volume released has been studied. Methane released by solid domestic waste landfills 
may be used effectively as automobile fuel, electric powers and heat depending upon location of the landfills as for 
business infrastructure. Methane utilization will make it possible to solve a problem of improving the safety of solid 
domestic waste landfills in terms of environment. Scientific substantiation of technological solutions concerning recovery 
of methane from solid domestic waste landfills is impossible without involving dependences which determine total 
volume of landfill gas being released. That will help perform feasibility evaluation as for projects to use landfill gas. 
Practical proposals concerning the selection and substantiation of priorities to use methane released by solid domestic 
waste landfills have been made. In particular, operation schedule for specific conditions of Ihren landfill located in 
Dnipropetrovsk region has been proposed. 
 
Introduction. Methane is basic component of gas released by solid domestic waste landfills. Release 
of methane into the atmosphere transforms it into the main culprit of “green house effect”. Reduction 
of methane release, its recovery and use as energy carrier may result in the generation of substantial 
amount of energy as well as positive economic and ecological effects. Implementation of projects 
aimed at regeneration of landfill gas energy favours the reduction of green house gases and air 
polluting substances. Moreover, that improves air quality and reduces potential health risk.  
Furthermore, gas-recovery projects decrease dependence on certain energy carriers, create jobs, and 
help the growth of local economy. There are considerable international capabilities for the extension 
of landfill gas energy use [1]. 
Thousands of tons of urban solid domestic waste get into Ukrainian landfills every day. As a 
consequence of natural process of breakdown of such organic substances as foods and paper buried 
at the landfills, gas being a side-product of decomposition, is released. Almost 50 % of the gas is 
methane (СН4) being a basic component of natural gas; carbon dioxide (СО2) is other 50 % added by 
negligible quantity of organic substances being out of methane group. 
All over the world, landfills are third largest anthropogenic source of waste making up almost 12 % 
of global waste.  It is known that during two last decades, Ukrainian population experienced next to 
5 mln decrease (or 10 %) from its number in 1990 (51 mln) to 42 mln in 2015. However, quantity of 
daily waste experiences its accumulation and enlargement rather than its decrease. During the last 
decade, volume of daily waste being products of life of each Ukrainian experienced its 45 % increase. 
                                                          
1 © 2017 The Authors. Published by Magnolithe GmbH. This is an open access article under the CC BY-NC-ND license 
http://creativecommons.org/licenses/by-nc-nd/4.0/ 
Mechanics, Materials Science & Engineering, July 2017 – ISSN 2412-5954 
 
MMSE Journal. Open Access www.mmse.xyz 
The Department of Environmental Safety of the Ministry of Environmental Protection estimates 
concentration of all types of waste in Ukraine at the level of 35 billion tons; moreover, 2.6 bln ton of 
them are highly toxic.   
On the data by environmentalists, every Ukrainian annually produces about 220-250 kg of solid 
domestic waste; in the context of cities the figures are 330-380 kg. The volume experiences constant 
increase. More than 90 % of solid domestic wastes in Ukraine are transported to landfills. Burial of 
the waste within landfills involves transfer of vast sites and their costly development. As the National 
Ecological Centre of Ukraine informs, more than a billion cubic meters of biowaste has been 
accumulated within landfills. According to data by the State Statistics Committee of Ukraine only 
3.5 % of it is reprocessed. The waste occupies more than 7 thousand hectares of land. The waste is a 
filtrate polluting soil, poisoning ground water, and overwhelming human health. Moreover, that is 
biogas being formed in the process of organics burning; methane (СН4) and carbon dioxide (СО2) are 
their macrocomponents. Fig.1 explains approximate distribution of СН4 outburst from landfills in the 
context of industrial areas of Ukraine. 
 
 
Fig. 1. Total volume of methane outburst from landfills in industrial areas of Ukraine in the context 
of the year of 2011. 
 
As early as 2007 Dnipropetrovsk region was announced as a zone of severe ecological catastrophe. 
However, over the last years the situation did not improve; it worsens. Annually, 300-350 thousand 
tons of solid domestic waste and up to 400 thousand tons of construction waste are produced in the 
city. Two landfills are used to bury it: small share is transported to a landfill in the neighbourhood of 
Novomoskovsk town; almost 140-150 thousand tons are transported to waste disposal works; all other 
wastes (that is 50 %) remain at unauthorized landfills within the city.  
There are several alternatives to use landfill gas in Dnipropetrovsk region: 
– electrical energy generation with the use of engines, turbines, microturbines, and other techniques; 
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– gas processing to produce alternative fuel for local industrial enterprises or other organizations hav-
ing need of constant deliveries of fuel (direct use of biogas is reliable involving minimum processing 
and minor modifications of available burning equipment); 
– use of landfill gas to produce gas of gas-line quality or alternative fuel for motor transport. 
Vertical wells are applied to extract gas within solid domestic waste landfills. As a rule, they are 
located uniformly at the territory of a landfill body; spacing between neighbouring wells is 200-
600 m [2]. Their diameter varies in the interval 200 to 600 m and their depth depends on the landfill 
body thickness; thus, it may be several tens of meters. 
Auger drilling is considered as the most expedient technique while well making in waste mass in the 
context of Dnipropetrovsk region.  
A process of gas flaring is reasonable from the viewpoint that gas-forming calculation error is not 
less than 30 %. If there are no reliable data concerning morphological composition of solid domestic 
waste and registration of its amount being delivered then the error may experience several-time in-
crease. If it is planned to use the biogas for power generation sector such an error is inadmissible.  
There is a technology for landfill gas recovery basing upon anoxic fermentation of solid domestic 
waste. Constriction stage one involves receiving volume excavation (a pit) meant for 10-20 years of 
operation. The pit bottom is laid with 1-m thickness clay (or polyethylene film) to prevent polluted 
water from getting into water-bearing levels. In the process of a landfill formation, waste is put into 
special reservoirs of the pit corresponding to daily norms waste delivered to the landfill. Each reser-
voir having 2 to 4 meters height is isolated by means of clay [2].  
According to the world practice, a waste-filled landfill is “roofed” with clay, film, soil. Grass is 
planted at the top. The pit is equipped with engineering structures to remove liquid and gaseous prod-
ucts of waste decomposition. Wells and pipes are laid within the pit body; pumping equipment is 
mounted. The gas obtained is piped to electric power stations, boiler stations, annealing furnaces, 
microturbines etc. [3, 4]. 
During the first 2-3 months, mainly CO2 seepages from the covered pit. Then high-grade gas starts 
its emission. The period lasts up to 30-70 years. After 25 years, volume of methane production de-
creases slowly. After the gas stopped to be produced, the territory occupied by the pit, may be reused 
for municipal waste processing.  
Gas-collecting station (station for landfill gas collection) is meant for forced methane recovery from 
landfill mass. To do that, special electrical fan is applied to produce insignificant discharge (about 
100 mbar) within the network of gas-transmission pipelines.   
The technique for landfill gas collection and disposal may be applied in the process of solid domestic 
and industrial waste deintoxication by means of their burying within landfills. A method of landfill 
gas collection and disposal within a landfill involves:  preparation of support, installation of a system 
of vertical gas drainage from wells with perforated walls, layer-by-layer placement of waste, instal-
lation of horizontal gas drainage system at the surface of each completed waste layer in the form of 
drains isolating surface coverage of the shaped landfill, and disposal of gas form the wells.  In this 
context, wells of vertical gas drainage are engineered at certain height. To do that, understructures 
located within the landfill area are used.  Then internal cavity of each well is backfilled as well as its 
gravel packing. Perforated wells are built up to certain height. Gravel packing height should be equal 
to the height of following layer of waste; it is covered by draining material. During the last heighten-
ing cycle, the wells are equipped with nonperforated walls to be higher than the surface of the formed 
landfill and without gravel packing by means of draining material.  
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Generally, direct burning of biogas in gas boilers of centralized heat supply system and in industrial 
boilers within a 10-kilometer radius of the landfill is the most efficient technique of its utilization. 
Availability of relatively uniform biogas consumption for a full year is that important factor effecting 
economic indices of the project. However, the technique is rather time-consuming as it involves re-
design of centralized heat supply system. 
As a rule, modern home and industrial gas boilers are not meant for the use low-calorific biogas.  The 
situation is also complicated by the fact that biogas may contain strong concentration of carbon diox-
ide and other gases. 
Specifically developed slot burners for biogas are one of the problem solutions.  Development of the 
burners has taken into consideration peculiarities of biogas burning (i.e. insignificant limits of flame 
stability etc.). They can function within a wide range of modes of a boiler operation – from 160 to 
318 cubic meters per hour. The burners are made of special steel having dismountable cones; they 
are not susceptible to hydrogen sulfide corrosion; moreover, they are equipped with special devices 
for flame stabilization. To decrease excess air factor, their design provides specific bands directing 
air to each cone preventing accumulation of excessive air.  
It should also be noted that in the process of active stage of a landfill degasification, gas is extracted 
from a landfill substrate. Then the gas is accumulated within gas receiver through a system of water 
vapour condensate removal. From the gas receiver, landfill gas is delivered to consumers through the 
system of such contaminants as water, sulphur, and carbon dioxide removal. The purified gas may be 
delivered to heating boilers, to cogeneration plants to produce electricity, to absorption or combined 
chillers to produce cold etc.  
The majority of the abovementioned techniques have a number of disadvantages; the most important 
of them is significant capital cost to implement all measures connected with utilization of gas from 
waste landfills.  Despite the fact, use of biogas as automobile fuel is the most acceptable in the context 
of Dnipropetrovsk region. 
Purpose. The paper considers prospects to utilize biogas from waste landfills in Dnipropetrovsk re-
gion (Ukraine) in terms of municipal Ihren landfill which area is 14.9 hectares. The landfill is located 
in the neighbourhood of residential area Ihren not far from Synelnykove highway (Fig.2). 
Materials and Methods. Average distance from Dnipro centre is 22 km. The landfill operated from 
1947 to 2007 [5]. 
Generally, following idea is implemented to extract landfill gas: networks of vertical gas-drainage 
wells are connected with the help of pipelines in which compressor plants develop dilution required 
for biogas transportation to its place of use.  Plants to collect gas and utilize it are mounted within 
special site out of the landfill body. It is anticipated that biogas to be extracted within Ihren landfill 
can be used as automobile fuel. Fig. 2 shows rational place for the fuel station location. 
Fig. 3 demonstrates principal technique for landfill gas recovery and utilization [6]. 
According to a structure shown in Fig. 3, after transportation with the use of a pipeline, biogas is 
delivered to a compression unit. Within it the gas is purified and prepared for further processing in 
the system of gas preparation.  
After the process of biogas purification and preparation, СН4 content may arrive at 95 % and sulphur 
content drops down to almost zero. It should be noted that separation of СО2 and S is performed using 
specific devices with the help of water (namely washing). Then, small special compressor gas pres-
sure is boosted up to 10 bar. It is worth of mentioning that within the absorber excessive pressure of 
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carbon dioxide is absorbed by water. Methane concentration in the biogas increases form 60 % up to 
acceptable level to be used as automobile fuel (98 %). After that, gas is transported to a receiver where 
liquid extrudes gas with its further compression up to 270 bar; the operation involves specific high-
pressure water pump. 
 
 
Fig. 2. Ihren landfill. 1– is territory of Ihren landfill; 2 – is possible location for compression unit; 
3–is the main gas pipeline with the length of 180 200 m; 4 – is possible location of fuel station; 5 –
is Synelnykove highway. 
 
 
Fig. 3. A plant unit for biogas recovery and utilization. 
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When the technological operations are being performed, moisture may reach 100 %. To use the biogas 
as automobile fuel, it is dried up at final stage; the operation is effected with the help of adsorption 
two-column dehumidifier. If it is required, the columns may be alternatively switched from drainage-
regeneration mode. 
When the abovementioned operations are completed, the gas is delivered to storage of compressed 
gas. Pressure within the storage is 270 bar.  Hydraulic volume of the storage is determined with the 
help of calculations depending upon parameters of gas recovery and consumption. Trilinear classic 
compressed gas storage system with a panel of compressed air priority cascade distribution is used 
under standard conditions. To be used as automobile fuel, the biogas is delivered under pressure of 
almost 100 bar. It is expected that manometer for pressure measurement is equipped with temperature 
compensation.  
Determination of placement of wells within Ihren landfill should involve geometry of vehicles to be 
used while biogas recovering. As a rule, distance between wells is 30-40 m [7]. Consequently, esti-
mated number of production wells within 15 hectares of Ihren landfill is 135. 
To determine yield of wells constructed within solid domestic waste landfill it is required to identify 
intensity rate of biogas production. The procedure is impossible without the availability of parameters 
of rate of microorganism generation and growth. Thus, the intensity can be calculated with the help 
of dependence proposed by Jacques Lucien Monod [8]: 
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where μ – microorganism growth rate, days –1;  
μs – relative growth rate, days –1;  
S – concentration of substrate, kg/m3;  
kS – kinetic parameter (half-saturated constant). 
Following functional dependence is applicable to explain internal state of “solid domestic waste – 
film biomasses”: 
 
),,,,( entsw LTfS     (2) 
 
where Тw – fermentation temperature, °К;  
δ – thickness of biomass layer, m;  
γ – biomass density, kg/m3;  
τts – period of a well operation for biogas recovery, days;  
Len – biological consumption of oxygen (almost complete oxidation) by initial raw material. 
Steady process of biomass fermentation in such systems and in terms of anaerobic environment is 
possible if only following conditions are met: 
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Hence, kinetic model of Conto applied for wider range of solid domestic waste fractions can become 
theoretical basis for the development of mathematical model to immobilize methane-forming micro-
organisms. It describes intensity of biogas formation (Vс, m
3/day) depending upon technological pa-
rameters of anaerobic fermentation process [8]: 
 










1
1
SЦ
S
Ц
O
C
k
kSB
V

  (4) 
 
where ВО – boundary output of biogas from a unit of solid domestic waste organic matter when their 
composition is specified in the context of permanent exposure time, m3/kg;  
S – initial concentration of organic matter in the substrate, kg/m3;  
μ – maximum rate of microorganism growth within the specified fermentation process of solid 
domestic waste components, days –1;  
kS – kinetic parameter (a constant of half-saturation). 
Results. Theoretical dependences of rates concerning generation and recovery of biogas in terms of 
time have been built (Fig.4) 
 
 
Fig. 4. Theoretical indices of biogas generation and recovery volume in the context of Ihren 
landfill. 
 
According to the dependences, shown in Fig. 5, the most rational interval for biogas application as 
automobile fuel coincides with the greatest intensity of its generation. The period falls at 2019 – 2023. 
This very time is the most rational for the construction of all required wells, communications and 
Mechanics, Materials Science & Engineering, July 2017 – ISSN 2412-5954 
 
MMSE Journal. Open Access www.mmse.xyz 
additional equipment for fuel filling station (Fig. 2). According to [9], return period of such a station 
is less than 6 months. 
However, a number of various techniques to calculate efficiency indices of fuel filling stations are 
available and proposed including those using landfill gas (biogas). 
While estimating projects (in particular for fuel filling stations) and selecting them, payback ratio acts 
as the known being determined using the equation of cash flows received during the whole period of 
the project operation and capital investment involved in its implementation [10]. 
 



 
T trT tr
dteDtdteKt PP
00
  (5) 
 
where rP – coefficient of capital investment return, algebraic value;  
T – service life of the project (so called time horizon), years;  
Dt – cash received as a result of the project implementation (the cash is considered as a result 
of advance capital functioning), year t;  
Kt – capital expenditure during t year.  
In the context of the specific case, return ratio is the ratio specified by a certain project frame; its 
importance does not cover other projects. Moreover, it is a ratio of maximum level of capital invest-
ment profitability for a certain project, namely fuel filling station. 
It should also be noted that critical discount rate (rk) is minimum return coefficient that is a project 
which calculations meet rP > rk requirements is considered as efficient; thus it may be accepted for 
implementation. In terms of Ihren landfill it has been determined that the rated return coefficients 
meet the abovementioned requirements.   
Summary. Landfills of solid domestic waste are sources of high-energy gas containing up to 70 % 
of methane which may by used effectively to produce automobile fuel (in particular, as exemplified 
by Ihren landfill) depending upon landfills as for the business infrastructure. 
The modeling results help determine that in the context of Ihren landfill located in Dnipropetrovsk 
region (Ukraine) total maximum rate of biogas recovery may achieve 386 m3/year. 
According to the results of economic expediency substantiation and theoretical calculations it has 
been determined that values of rated ratio coefficient, demonstrated as an example to construct fuel 
filling station, is considered to be reasonable and the offer itself may be acceptable for implementa-
tion.  
Biogas utilization will make it possible to improve ecological situation in Dnipropetrovsk region pre-
venting emissions of greenhouse gases and toxic substances.  
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